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CRITICAL [TEHS LIST
SHEET | ar L]

FAILURE MODE ANO

FAILURE EFFECT
Or EHB ETEH

BATIONALE FDR ACCEF IAMCE

Loss of pan wight ar lTeft
#leckeical Tuntlion,

FIu
£l Pan ilepper Drive,
AL Power Supply

Cormand/Clack Aeceivers.

Ho Paa—Ltibt mstion in
responsé ito caomands.

Horsd {ase:

Lasz of ¢lbow PTU
canirol prevants
sipning the RHS.

DESIGH FEATURES

The heritage Jar the PIU nechanisas is tha designs used successfully on the Lunar
Rover equipment en wha Apallo 15, V&, amd AT missions.

Al supporL beariwgs in the arimuth amd elevation axes are conservalively designed
whes compared Lo the lawach Toad enyironsent.

The digiyn was prapared by a detailed Finika element analysis of the sbruckura,
Lahing iatu sccavnt the derating for tha fatique cycles represented by 14D

mistinng. 4 gerigs of developmental Lests were conducked 1o verify the apalylical
aodels For the strecturd and drive train analyses. Reviews were hebd at preliminary
dasiga and critiral dacign review leveds ko evaluste Lhe desigoes ond Lest data.

The PFU has bean wsed an 24 misslons at Fowr bulihead Vacatians and at the kHS elbow
locatioa withuut o failure in the drive brain, anis support mechanitns, or structure.

Fhe maunting provision from the PTU base ta tha erbiter structure and RMS arm was
#nalyzred For worst-case landing Yoads and shawnd adequale margins.

BARE BOARD DESTGH (A2}

Thee design of the associated A2 bBoard is consbrucked From laminaatad

copper-clad epoxy glass sheets (WEMA G-18) Grade FE-4)1, PER MIL-P-S56474. Ciccuit
connections are mads Lhrough prinked traces which run fram paint La paint ap tha
baard surfaces. Every Lrace Lerminates av am anaudar ring. The annular riny
surrounds the wole in vhizch 3 campaneat lesd or terminal s located. This ring
provides a footing far the soldar, ensuring qoad mechanical and alectrical
perfarmance.  1ks sire sand shaps aré gowerned hf HIL-P-55640 a5 are Lrace widths,
1pacing and reviing. These requiremests are reitleraled specifically in drawing
notes bo Forther asswre compliance. Variations belween the artwork master and L
Final produvct {due 1o irreqularities of the etching process) are also controlled by
drawing notas. TFhiy prevanis waking defeclive buards From geod artwork. Heles which
houre ng Tzad or terningl, but serve only to eleclricalVly interconnect the difFerent
board layers, coatain stitch bars Mor mechanical support and increased reliabil iy,

the ihru holes are drilled from a drill tage thus eliminabiag the possibibily of
huwnan ercor and allowing tight contrul over hole and annular ring coacentriciby, an
impariant reliability critaeion. After drilling and etching, All copper cladding is
Lin-lesd plated per MIL-5TE-1495%. This prowides for easp and raligble saldaring at
the tima of board assembly, even afler periuds af proYanged storaye.
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SHEEY __¢f OF [

FATLIRL HOOE AR
CAUEE

FALLURE E£FFECT |
06 EWA 1YEH

CRATIANALE FOR ACCHP1AMNCE

Lo of gan right or Befk
electrical funiiioa,

Fiu
41 Pan Slepper Drive,

AP Porer Supply

Comnand/Choch Aeseivers.

|| I 1]

Ho Pan=t11¢ motion in
respanse to comnande.

Harsl Cases

Lass of elbow PTY
contral prevents
stowing the KHS.

DESIGN FEATURES (Continued)
BOARD ASSEHBLY DESIEH {AZ)

A1} caopondals are installed in a mamner which assures maxinum reliability.
Companent leads are pre-Linnad, allowing tatal watling of salder joinls. AV baads
are forned to provide steess relief and the badies of harge components are siaked.
Special maunting and bandling instructions are included in sach drawing reqeired
afler final assembly. The boerd is coated wilk wrelhans wbich prolecis agained
bunidity and contamination.

BOARL PLACEHENT

Tae A3, A2 Laards are secured in the électronics aisembly by

puld-plated berylTiom copper card guides. Connectivns are mude ba Ll mother buard
wilh blind-mated conaectars. Disengayesent during launchk is. prevesicd ey a fover
which 5pans Lag bpard's tree edge,

BAHE BOAAD CONSTRUCTION A1)

The hoard sre of “welded wire" construciion. &% Ehe Bare bopard 1evel lhis doas nod
distinguish iL From 2 nurmal PC board except that hales which wilt bake welg ping
genarally are aot connected wo P fraces. daly those plns which dring power and
gruwrd poteniials to the s are o PCs. A annolar ring surrgunds the hole in Lhe
lusrd where eofh pawer and qrouwnd pin s located. These Bins are then woldersd Lo
Lthe trace like any other companent lead, Aside Fraom bhis feature, all design

L tonstruction techaiques wsed in P bgard layoul apply.

HUARD ASSEHELY [AVE

The drilled and clehed boards are populaied with severasl fundred solderable or
wilgalle pins., Pawer and grawnd pies, as wel | a5 comnector pins, are sulperad in

Yate. Dhscreel companenls |résislors, divdes, capaclkors ) are ittachad kg
Eiiurcated terminali, where Lhey are soldered. Flavpack ICs ure weldeu,
Vead=hy-lead, bo the Lops of bhe welg pini. Afler welding, extra lead material is
Lewmned away, Circuit conpeciians are mads using H30 AHG nickel wald wire., The
Wire is melded ko Lhe pin surfaces pn the board bachside. A1l wire welds are dong
using & machine which is vape driver, thus ebiminating the possibitily of miswiring
dug Lo operator error. AH wiring £ cireuil periormance is Lesled prinr ta
bud-Tevel instatlation. Afler successful testing, fiapnents ave slaked as required
by Wrawing noles and bhe asseahly is cpated will urethang.

Ihe hpard i3 inserted in Lhe Box pa cdrd—edoe guides, in the same wanner 25 Lhe olhee
L bwargs. :

4.264
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TAILUNE HODE AND
_ CAUSE

FAILURE EFFECT

Less of pan righi or left
#lecirical fumction.

]
&l Pan Stappar Drive,
& Puwer Supply

Lymnand Clack Neceivers.

Mo Pan~tiil notian in I '

fosponse ta comnands.

Harst Lasg:

Lass of &¢lbaw PTU
conkral prevents

Stoning 1lhe KHS.

BATJQMALE FOR ACCEPEanCE

QUALIFICATION TEST

Far Qualification Tesi Flow, see lable 2 bocated at the front of this book.
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FTALLUAE HADE AHD

CapgF

FAILLME EFFECT
0H Enn_JIEH

EATIOHALE FOE ACCERSAMCE

loss of pan right or lait
electrical function.

ry
a1
il

RRH1

Pan Siepper Drive.
Pover Supply
Connand fClach Receivars.

Mo Pan—1i1t motian in
Feipunse to camnands.

Hirsl Lase;

bast af elbow FTU
conlral prevenls

stowing Lhe HHS.

4 20k

ALCEPTARCE TEST
The CLTV syidems' PTU is svbjected divectly, without vibration isalators which might
be uspgd in Lhelr normal instaliatwon, ko tﬁc ballowing testing:
# Vibravion! iD-BoHz; 3 4B/0Ct-risa from D.01 G412
BL-350 H:; Q.04 G-M:
150-750 iz ; =4 d6S10 Oct-slope
Test Duratian; | Hinote per Axis
Fest Lewel: G.0

& Thermal Yacuum; I @ pressurg of mieSs lorr, the temperature shald be as
falligws:

1256 F: Time to siablize equipment plus 1 hour
I5° F; Time ta siablize equipment plus 1 wour
1268% F: Timg to stabVize squipment plus 1 hoor

The P1U may mol have boan subjecled ko Lhe vacuwn cond jLien.

Tur Aczepiance Test Flow, see Table ) locaied al the front of this book.

{IPFERAT IDHAL TE3TS .
TR OFEF Tl VEF Iy that CCTY components are operaliondl, a test must werify the
calth af all the command relaled components from bhe FIKE (A7A1) panzl swWikch,
throuwgh the ACU, throush the sync 1laes to Lhe Canera/PTU, ta the Caneraf#Tl command
decodar, Tha begt mast alzo werify Lhe camera's abl lity ba produce widew, Lhe ¥SU's
ability to youte video, #nd tle menitor's ability to display vldeoc. & similar test
wutuld be perfommed to verify the M¥ comand path. .

Pre—Launck on Orbiter Tesk fIo-Flight Test

(HOTE: In-Flight Lestiny of tee elbow camerafPlll most aot be convluc Led as Jonyg
as the crit 1714 1|1terﬁ:n=|n:u is present. )

b. Pover (ETY Zystem. '

L. Wia the PilS panel, select a monitor as dest ination and bhe camera undar
Lest as soume.

1. Send "Camera Power On"™ command from PIIS panel.

4. Select "External Sync” on manitar, )

5. Observe wideo displayed on wonltor, MNote that. 1F video an w1t ds
synchrnnired {i.e., stable rutary. then this Indicates that the canera
is recelving composite sync from the REU and Thit Lhe camera s pridiss fng
synchranired viden.

6. Send Pan, Tilt, focus, Poom, ML, and AL commands amd visually {aither
vlka Lhe maniter or dirvect sbservatlon) wverify aperat lon.

I- Select dowmlink as destinabion ad camera wider test as source.

8. Obseryve viden routed to downdink.

9. Send “Camera Power 0FFY conmand via PHS pans 1,

10, Kepeat Steps 3 Ehrdwgh 9, wecept fetue comdands via the HIH Cotwand palh.
This proves that Lhe CCTY cyipment is operat lonal,
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FATLLAE HODE AWD
LAUSE

FATLAWRE EFFELT
D D ITEN

EATTONALE FOR ACCEF1ANCE

tuss af pas right or leflL
elactrical tuncrina.

£1U
a1 Pan Stepper Or|ve.
fi2 Power Supply

Command/Chock Recaivers.

Ho Paw—LilL mation in
Tesponse Lo comnands.

Horst Lase:

Loss of &lbpw PTU
castrod prevankc
sigwipg Lhe EM5.

QA/INSPECT (OH

teul - The PIU EEE Parts and hardwara items are procured from
approved vendors and seppliers, oRifh nget Lhe requirements set forls ia the CCTY
conlract and Quality Plan York Stalement {W5-2533176). Resident DEAS persunngl
review 310 gracur¢ment documents to establisk the need For GSE oo selected paris
{PAL 5171

Intoming [nigeciion and $teraps — Incaming Quabity inspections are mave on all
received materials and parts. Resvlts are recaorded by ok and retained in File by
draming and fonlrol numbars For Future refersace am iraceahilitg. A1l £EE parts
are subjected to lncoming acceptance lesks as called for in PA] 315 - Liiumi ng
Enspactian Test Instructions. Tacaming Flight parts are furlher Processes in
accordance with KCA 16846684 - Precanditioning and Acceptance Requiremants For
Elécironic Parts, with Lhe exceptian that DA and PLND kasiing is ngk partorned.
Hechanifal itens are inspected per PAI 316 - [ncoming Inspeckion laseructians For
mgchaaical items, PAL 305 - lacoming Quality Conteol Inspectian fnsiruction, and
PAl 612 - Procedure for Processing Incoming or Purchased Paris Oasignated for
Flight Use. Accepled items are delivered Lo Haterial Canbrolbed Siores and retained
undér :pecified conditlons vatil fabrication is sequired. Mne-gonfonming naterials
ars held for Maierial Review Board {HAR) disposilion. {PAf 347, Pal 1GC-5313,

Board Asscably § Test — Prios 4o ihe start of PIL board assenbly, abl items are
verified to be correcl by stock roam personael, as the items are accunulacad te darn
a4 kit. Tha ibtens are verified again by the operabar whe assenbles dihe kit by
checking againsk the ds-built-parts-list {AUPL). D{AS Handatory Laspaction Pointd
are designated for o)1 printed circuit, wire wrap aad welded wire boards, plus
harness connectons for saldering wiring. crimping, solder splices and quality
wsrkmanthip prigr to.caating of the component side af boards and sleeving of
hirngyses.

ipecidic PTU board assembVp and test instroclians are provided in drawing aotas, and
applicable dacuments ave called sut in the Fabricabion Procedure amd Record
[FPR-Z294B22) and parts 1isL PL 2793822, [hese includa wire coineclien Lisk 2295901,
Pracess Standard RIV-564 228080, Process Standard - Bonding e¢lvra Tape 2280249,
dpeciflcation Soldering 2280749, SpesiFication Hame Plate Applicalion 1968167,
Specifreation - Crimping 22680604 Specification - Bynding and Siaking 2280878,
Specificatian - Uratﬂane codting ZZ80A¥F, Spaciticatinn - locking compound 2025118,
Specificalian Eposy Adhesive 2010985 Specification - Harking 22080876, Speciflication—
Workmanship 8030035, Specificaticn Bonding and Staking F2A0474.
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SHEET i OF g

FALLURE ril'c_iE AND

FATLURE EFFECT
0i EHD ITEH

BATIOHALE FOR ACCELISHCE

Lass of pan right ar left
elecirical funciion,

EEU
Al Pan Stepper Drive. -
A2 Poner Supply

Conaand/Clack Recedvers.

I sim

ba Pan—4 1L motian n
respansé ta commands.

Warst Case!

Loss of ¢Ybaw PTU
canlrisl pravesls

slowing 1he RMS.

QAFINSPECTEON ¢Continuad}

PIU Assembly_an L - An opan bon bast §s perfarmad per TP-IF-22M822, snd an Acceptance
Tast par TP-AT-2294802, including vidration aml Lhensa) vecous. Turques are specifiad asd
wilngssod, Lraceabilily nusbers are recorded and calibraved Lools are checked prior

Ly wse. RCA Quality and OCAS inspectiony are perfomeed 3t the complatien uf

specified FPA speralions in atcordanee with PAL-204, PAI-205%, FAL 206 and FAL 237

OCa% perspanel wilness PTD bulton-up amd critical borquig, KCA O ond DCAS persenneld
monilar Jcceptange 1e5ts and rewiow the Lest data/results. Thase personnal alsgo

Inspect For conlomance aller ol repair, rewark ond retest.

ELE#ﬂIﬂllﬂn_IE[_i = Fhe FTU is packaged occarginag to COTY Letler 8010 and
Z2R0746, Procasy standard fur Pachaging and Nlandling guidalines. ATl related
documentat fgn ingludlnyg aszembly drowinys, Pards List, A8PL, Test Data, &, 15
githered and hald in a docomentation falder assignad spacilically 10 sach asyembly.
This Folder is retajoed for reference. An EIOP is prepared far each PTU in
accordance with the requirenzatz of WS-2503056. RCA QC and DEAS perstnnel wilness
crating, packaging, packing snd marking, and review Lhe E[BFP for compleresess and
Afluracy. .

T s B
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" FAILURE HOOE AD
LAUSE

FAILURE EFFECT
Lf £HD [TEM

- - RATIOMALE FOR ACCEPTANCE

Less of pan right or left
lacirical funct ion.

[}
Al Pan Slepper Drive,
A} Power Swpply

Coundnd SFClack ReLeivers.

Ho FPan=tilL mplioe in
responie Lo cemoaads .,

Warsi Case:

Loss of elbaw PTU
conkrol prevents
stowing the BHS.

HONE .




REVISION 5-7-87

' UNIT FIU
FHEA NO. _ 441, SHUTTLE CCTY WG 0.  2P94RZZ-507 .S03.504
CAILICAL IFEHS LIST
celrrcattny  _2/1R SHEET i oF a
FAIILIRE HODE AND . FAILURE EFFECT
CAUSE M EHDF TTEH RATIGHALE FOR ACCEPTANCE
Lnss af pan right or lefl Me Pan-tilt motiom in QPERATROMAL FEFELIS '

electrical Fungtion,
rasponsa ip . . . i1

P cannands kosa af abilily to pesition the elbow camera. Possible jnability 1o ‘stam Lhe RHE 4T

EIU ) Wurst faze: tie alkow camera physically lnterferes with a payload. IF AHS camndt be stowed tha

A1 Fan SLepper Drive. Loss of &lhow PIU part payload bay door cannnk be chosed. Las: aF craw and wehicle,

A2 Power Supply coalrol provents

Cowand ook Receivers. stowing Lhe EMS. CREW ACTIDHS

Perforn EYA to reposilion the elbow Canerd, wse #HS mokian to reposltion the camera,
or lectison the RHS.

CREM. TRAIWING

Crew should be trained In contingarcy EYA and RHS operalions procedures.

HISS10H COMSTRAINT

Do not maaifest elbow camera for aay flighl wherg Lhe payload and the olbow camera
can inlerfery wilh gach ether (for asy pan or LIt anglel. Kf the comera must be
Hown do nob change ihe camera position until the interfering pagload is deployed.

1
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